There are several principal driving forces behind the damaging coastal water resources depletion in many countries, including: high population growth, degrading water resources due to overexploitation and contamination, lack of awareness among local beneficiaries regarding sustainable management, and deficient government support and enforcement of conservation programs. To ensure a water resource system is productive in coastal areas, holistic and comprehensive management approaches are required. To address the aforementioned issues, a combined methodology which considers anthropogenic activities, together with environmental problems defined as the Overall Susceptibility Socio-Ecological System Environmental Management (OSSEM) has been investigated. The OSSEM model has been applied successfully in Spain based upon daily time series data. This research is ground breaking in that it integrates the OSSEM model in a geographic information system (GIS) environment to assess the groundwater contamination based on annual time series data and the assessment of system management by means of an overall susceptibility index (OSI). Centered on OSI indicators, the renewal, salinization and water deficit potentials in the Talar aquifer were estimated to be 4.89%, 4.61%, and 3.99%, respectively. This data demonstrates a high susceptibility in terms of environmental pollution, salinization, and water deficit.
INTRODUCTION
Mazandaran province to the south of the Caspian Sea, Northern Iran. The water resources in the aforementioned basin are influenced by diverse activities, but overwhelmingly via agriculture, which accounts for more than 60% of the area's total water use. Rice, grain, fruits, cotton, tea, tobacco, and sugarcane are cultivated in the Talar basin, principally in the lower reaches, bordering the Caspian shore. In addition, oil wealth has motivated industrial development across
Mazandaran province, notably in food processing, cement manufacturing, textiles, and fishing (Soleimani et al. ) .
Furthermore, the area is a leading tourist destination due to its proximity to the capital of Iran, Tehran, situated to the south. As a direct result of the grand scale of activity in the basin, and the resulting mediocre quality and high sediment load in superficial water resources, important abstractions from the underlying aquifer are required to satisfy escalating demands, a consequence of which is water stress. This stress has resulted in the deterioration of the freshwater resources in terms of both (aquifer overexploitation, dry watercourses), and quality (eutrophication, organic matter pollution, saline intrusion).
The Talar basin is characterized by two linked subsystems including anthropogenic and the environmental pressures. To investigate the first subsystem it is necessary to obtain sufficient water of an acceptable quality. In addition, there is always a challenge raised from the human effects on natural environmental conditions (Gentile et al. 
; EPA 

METHODOLOGY Methodological strategy (OSSEM)
The OSSEM was developed by Perilla et al. () and first applied employing daily data in the Albufera lagoon, Valencia, Spain. The scope of this study is to adapt the OSSEM model integrated with GIS tools to annual time series data for the Talar aquifer in Iran. Here, the methodology is described in four steps.
Step 1. System description Step 2. OSSEM customization
It can be proven that by having the average and the last recorded data for an annual time series, the concept of renewal potential (Equation (1)) can be achieved
in which P R is renewal potential of the system, C 0 is the initial value of the concentration introduced into the system, and C t is the value at the end of the day, 24 h.
Considering a time series for one variable (i.e. a 1 , a 2 , a 3 , a 4 ) recorded at a diurnal temporal resolution for a specific duration, the average value for the time series is obtained from Equation (2)
The 24 h period potential can be computed from Equation (3)
In Equation (3), instead of a 3 , the average A can be used.
Then, substituting A in place of a 3 , Equation (3) can be written as Equation (4) A À a 4 A
The difference between these two equations is obtained from Equation (5)
Substituting the right-hand side of Equation (2) instead of A, in Equation (5) and summarizing it, Equation (6) is obtained
Rearranging Equation (2) for a 3 , gives Equation (7)
By substituting a 3 in Equation (7), and referring to Perilla et al. () definition for a 24 , Equation (8) is obtained
According to Perilla et al. () , salinity is defined by Equation (9)
Water deficit is defined by Equation (10)
In the same way, by substituting a 3 ¼ 1 À a 24 ð Þ :a 4 in Equation (8), it can be demonstrated that the average and the last record of investigated annual time series data can be used to obtain salinity (P s ) and water deficit (P Wd ).
The above analytical discussion indicates that two annual time series can be effectively employed to implement the OSSEM model; one is the annual average which is obtained using spatial interpolation of the investigated parameters, and the second time series is the last year of the investigated period. Then, the average data minus the last year of data would be employed instead of the 24 h data.
Step 3. Implementation of the model Estimation of health indicators was conducted. The quality of the groundwater system from a health perspective, and its potential for agricultural use were estimated by means of three indicators, including renewal potential (P R ), salinization potential (P s ), and water deficit potential (P Wd ) (Perilla et al. ) . For the assessment of the first criterion, the renewal potential equation (Equation (11)) shows how this system is capable of the reduction of the initial concentration in the aquifer
where A is the average value of pollution concentration in the system and is the last record of concentration of quality parameters in wells during the period of study. This parameter was taken from the quality data recorded during the period 1996-2011. The last recorded data are estimated by Equation (12)
where b is the last recorded data for salinization which is extracted from the sodium absorption ratio (SAR) and B is the average value of the SAR in the aquifer calculated by Thiessen's method.
The final indicator was computed based on the same concept using Equation (13). The water deficit existing in the system during a 24 h period was obtained by average data value minus the last recorded value for the study
where c is the last recorded data value for the water level in wells, and C is the reference value which is obtained by averaging the Thiessen result of water level recorded for the aquifer during the span 1996-2011.
Step 4. Determining overall susceptibility index
In this step, the output from the former step are added together to show the condition of the system in terms of its susceptibility. Table 1 was used to classify the overall susceptibility index (OSI) of each criterion in the Talar aquifer.
Study area
The Talar basin covers a surface area of 3,385 km 2 with an associated underlying aquifer of approximately 900 km 2 .
According to Rahmani () 
Data collection
Water quality data were facilitated from the Mazandaran Regional Water authority. Habitually, uncertainties are embedded in the observed data as well as development processes which are propagated through synthesizing, developing thresholds based on unimpaired flow and assessing resource gaps (Liang et al. ) . According to Table 2, currently, there are 27,991 registered wells in the Talar aquifer dedicated to diverse demands as illustrated in Table 3 .
RESULTS
To demonstrate the groundwater fluctuations, a unit hydrograph for the aquifer was devised. The hydrograph was obtained from monthly data available for 42 piezometric wells over 16 years, starting from 1996 to 2011. The mean areal precipitation was determined based on mean annual rainfall data available for the rain gauges located in the study area and employing the Thiessen polygon method available in GIS software. Figure 2 shows the annual unit hydrograph, stressing the fluctuations of the groundwater level in the Talar aquifer up to 2011. 
Environmental pollution
Renewal potential
Water deficit Water deficit potential P Wd ! 0% P Wd < 0% This can be related to the increasing mean annual rainfall over the Talar basin.
Groundwater level maps
The groundwater level was mapped based on water level data from piezometric wells. By overlying a derived map in diverse years, spatial variation, and the trend of groundwater levels in the Talar aquifer were identified. Maximum water levels correspond to the upper parts of the aquifer at 34 m above mean sea level (see Figure (3a) and (3b)).
This trend is stable until 1991. According to SAR, Ca, Mg, K, and Na, were generated via the same techniques for the same periods of study.
Application of the methodological strategy
The OSSEM model was adapted for the sustainable management assessment of quality and quantity using GIS tools in the Talar basin, considering a scenario for system operation initiated in 1996 and continuing to 2011. The information required to apply the methodological strategy is piezometric level, and quality parameters including SAR, magnesium (Mg), sodium (Na), and potassium (K). To prime these data for model input, their spatial averages were calculated using the GIS for each year individually, then subsequently the average for the complete period was engaged as a reference value (see Figure 4) . Finally, the last recorded data for the investigated period were used, as opposed to the 24 h data, as used in the OSSEM model in the Albufera case.
OSI application
The OSI for sustainable management of the Talar basin is presented in Table 4 . From this data, it becomes evident that the Talar aquifer is highly affected by all OSI measures.
Bearing this in mind, decision makers should pay more attention to the system and its current situation. From a renewal potential perspective, it is illustrated that P R is less than 5%, salinization potential is less than the renewal potential at 4.61%, and the water deficit potential is 3.99%.
According to the OSSEM model, environmental and economic factors can play an important role in decision-making for optimum management of water resources. Perilla et al.
() used the OSSEM model for a 24 h period and then simulated the amount and condition of three parameters used as endpoints in their study, for longer time duration.
SUMMARY AND CONCLUSIONS
The OSSEM model was successfully adapted and developed for the Talar aquifer clearly illustrating the problems present with groundwater contamination. The model employs the socio-ecological and health indicators including P R , P s , and P Wd . Subsequently, these indicators are integrated into the OSI to assess goals accomplishment, and defining possible actions. The study achieved a methodology to obtain health indicators based on both average and final record of annual data. As a final point, using the OSI indicators 
